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Introduction

Over the past 15 years, we and others have been investigating the use of shorter electrode-

arrays to preserve residual hearing in individuals with functional low-frequency hearing and 

severe to profound high-frequency sensorineural hearing losses1–15. In 2014, the Nucleus® 

Hybrid™ L24 cochlear implant was approved by the Food and Drug Administration (FDA) 

for implantation in those with significant residual hearing16 and the results from that clinical 

trial have been published15.

While there continues to be some risk of loss of residual hearing with surgical implantation 

and also after activation of the device, it appears that shorter arrays preserve more hearing 

than longer ones3,17,18. The present case study is an example of the dilemma that can be 

encountered when residual hearing is preserved, but the implant fails. It does illustrate that 

the inner ear is more robust than once thought, and what it might be able to endure.

Methods

Subject

A 60-year old female subject with history of gradual progressive bilateral steeply sloping 

sensorineural hearing loss of unknown etiology presented to our clinic for a cochlear implant 

evaluation. Her audiogram demonstrated a severe, rapidly sloping, predominantly high-

frequency sensorineural hearing loss in both ears, with the left more severe than the right. 

She reported that she first noticed her hearing loss in both ears at the age of 38 years and 

began using bilateral hearing aids (HA) at age 52.

The CNC Word recognition test19 in quiet at 60 dBA was administered in right HA, left HA, 

and Bilateral HA conditions. The subject scored 16% in the ear to be implanted (left ear), 

57% in the contralateral ear, and 54% bilaterally. Based on the audiogram, speech 

perception results and demographic factors, the subject fit the criteria for an FDA trial of a 

Hybrid S12 (S12) Cochlear Implant.
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Hybrid S12 Device Description

The subject was implanted with the S12 cochlear implant as part of a Cochlear Americas 

sponsored FDA IDE (IDE No. G070016) in October of 2008. The Nucleus® Hybrid™ S12 

cochlear implant consists of an electrode array that is 10 millimeters in length with 10 

electrode contacts spaced over 5.6 mm of the apical tip of the electrode and an internal 

receiver/stimulator containing Nucleus Freedom cochlear implant electronics.

Surgical procedure

Surgery was performed using soft surgery techniques, as described in Gantz, Turner, 

Gfeller, Lowder11. Dexamethasone (10 mg) was systemically administered intraoperatively.

The status of residual acoustic hearing was monitored during the surgical procedure using 

the auditory brainstem response (ABR). The stimuli were clicks delivered through an insert 

earphone in the left ear.

Results

Device Activation

The subject returned one month following surgery for her device activation. Figure 1, Panel 

A, shows the subject’s pure-tone air conduction thresholds at activation and over time. The 

subject’s preoperative pure-tone average (PTA; using thresholds from .125–1k Hz) was 44 

dB HL and 52 dB HL at initial activation, demonstrating an 8 dB HL shift in hearing.

The device was programmed with the electric lower frequency boundary of 813 Hz and an 

upper frequency boundary of 7938 Hz. The subject’s acoustic parameters were programmed 

using NAL-RP prescriptive methods20,21 to assess the degree to which real-ear targets were 

met for the subject.

Hearing and Speech Perception Over Time

The subject’s PTAs (Figure 1, Panel A) remained stable with a PTA at 3 months of 62 dB 

HL and 6 months of 59 dB HL. In Panel B, we show CNC words over time. AzBio 

Sentences tested in +5 signal-to-noise (S/N) ratio using multi-talker babble with noise 

presented at 0°-azimuth are shown in Panel C. Bilateral hearing aids (pre-operatively) are 

compared to the Combined and Bimodal test conditions and the unilateral hearing aid in the 

ear to be implanted is compared to the Hybrid and CI-only test conditions. Table 1 defines 

the various post-operative listening conditions. In both panels, the results show the subject’s 

speech perception outcomes not improving over time. In Panel B, when comparing CNC 

words in the Combined and Bimodal listening conditions to the contralateral hearing aid 

only condition at 3 months post-operatively, there was no significant difference in scores 

using the Binomial model. Furthermore, in the CI only condition the patient scored 16% at 3 

months and declined to 0% at 6 months. The same trend is evident when evaluating the 

AzBio sentence scores over time in the Combined and Hybrid conditions in Panel C.
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Device Failure

An integrity test of the device was performed by the clinical specialist from Cochlear 

Americas and our electrophysiology team22. The results of the integrity test were 

inconclusive. A CT scan was performed and indicated that the cochlear implant was in 

normal position in the basal turn of the cochlea.

Because of the lack of improved speech perception with the electrical speech processing, a 

decision was made to explant the Hybrid S12 and reimplant with a Hybrid L24. The FDA 

provided appropriate permission to explant the Hybrid S12 device and reimplant the Hybrid 

L24 device. Device analysis of the returned Hybrid S12, provided by Cochlear Limited, 

indicated that the device malfunctioned with the primary fault being an electrode lead failure 

due to insulation damage.

Second surgery

The internal receiver stimulator of the S12 was carefully freed from its capsule with the 

electrode still in the cochlea. The electrode was then carefully removed. The new L24 

device was then inserted through the cochleostomy. Throughout this time, ABR monitoring 

was performed and amplitude of wave V was preserved.

L24 Hearing Over time

Figure 2, Panel A, shows pure-tone air conduction thresholds prior to S12 explantation and 

with the L24 at initial activation, 3 months, 6 months and 12 months postoperatively. The 

PTA prior to explantation with the S12 was 59 dB HL and at activation of the L24 at one 

month post explantation/reimplantation was 66 dB HL. Over time, the hearing remained 

very stable, with PTAs at 62 dB HL, 59 dB HL, and 66 dB HL at 3, 6, and12 months, 

respectively. Overall, after two cochlear implant surgeries, the subject had a 22 dB HL total 

shift in PTA (Figure 2, Panel B).

L24 Speech Perception Over Time

In Figure 3, we show the speech perception results over time for CNC words (Panel A) and 

AzBio Sentences in noise (Panel B). The left side of the graphs in Panels A and B show the 

speech perception results in multiple listening conditions with the S12 device and on the 

right side with the L24 device over time. There were significant improvements (using the 

binomial confidence interval) in the CNC scores in all conditions with L24 after 3 months of 

device use compared to scores with S12 after 6 months of device use (Panel A). At 12 

months, the Combined condition CNC score was 89%, a 37% improvement. In the Hybrid 

and CI only conditions, there was a 50% and 61% improvement, respectively. Similarly, 

there were significant changes in the AzBio sentence scores in the Combined and Hybrid 

conditions with L24 after 3 months of device use compared to scores with S12 after 6 

months of device use (Panel B). At 12 months, the Combined condition score was 73%, a 

42% improvement over the S12 at 6 months of device use. In the Hybrid condition, there 

was a 57% improvement in performance over the S12 after 6 months of device use.
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Discussion

One of the more challenging aspects of this case was that a non-functioning device was 

present in an ear with substantial hearing. This case study demonstrates that shorter 

electrodes have the ability to preserve the regions of the cochlear partition that are apical to 

the electrode. This finding is also relevant to the pediatric population who are implanted at 

very young ages. While we do not know the full life-expectancy of a cochlear implant, it is 

likely that a child implanted at a young age will reach the life-expectancy of the implant and 

have to undergo explanation/reimplantation of their CI. Furthermore, doing minimal damage 

to the inner ear might retain the possibility of allowing them to take advantage of future 

advances in the field of auditory neurobiology and hearing devices.

Finally, the results of this case study demonstrate learning outcomes and implications that 

are important for professionals in the field of cochlear implants. As the audiologist is 

providing post-operative follow-up care, they need to be cognizant and able to recognize 

unusual performance patterns associated with the cochlear implant. The audiologist should 

review impedance measurements over time, speech perception improvement, and loudness 

growth associated with the programming. Furthermore, at the 3, 6, and 12 month visits, it is 

crucial to perform a battery of speech perception tests. The most current version of the 

Minimum Speech Test Battery (MSTB;23) provides audiologists guidance to assessing CI 

candidacy and post-operative follow-up care.

Conclusion

The inner ear might be more robust than once thought. Furthermore, it is important to 

remain cognizant of outcomes over time in order to recognize uncommon performance 

growth patterns which might indicate a failed device.
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Figure 1. 
Panel A. Individual unaided thresholds over the range 125 to 8000 Hz in the implanted ear 

preoperatively and post-operatively at initial activation and post-operatively over time 

through 6 months with the S12. Panel B. Individual CNC word perception performance pre-

operatively and post-operatively over time at 3 and 6 months in the Combined, Bimodal, CI 

Only, and Contralateral hearing aid conditions. Panel C. Individual AzBio Sentences in +5 

Signal-to-noise ratio multi-talker babble at 0°-azimuth performance pre-operatively and 

post-operatively over time at 3 and 6 months in the Combined and Hybrid conditions.
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Figure 2. 
Panel A. Individual unaided thresholds over the range 125 to 8000 Hz in the implanted ear 

preoperatively with the S12 and post-operatively at initial activation through 12 months with 

the L24. Panel B. Individual unaided thresholds over the range 125 to 8000 Hz in the 

implanted ear preoperatively to surgery with the S12 and post-operatively at 12 months of 

CI experience with the L24.
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Figure 3. 
Panel A. Individual CNC word perception performance over time in the Combined, 

Bimodal, Hybrid, and CI-Only conditions. The left side of the graph shows the CNC word 

scores over time with the S12 device. On the right side of the graph are the CNC scores over 

time with the L24 device. Panel B. Individual AzBio Sentences in +5 Signal-to-noise ratio 

multi-talker babble at 0°-azimuth performance over time in the Combined and Hybrid 

conditions. The left side of the graph shows the sentence in noise scores over time with the 

S12 device. On the right side of the graph are the sentences in noise scores over time with 

the L24 device.
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Table 1

Definitions used to classify device use and testing conditions.

Name Definition

Acoustic Stimulation Use of the word “acoustic” refers to sound delivered with or without amplification only.

CI Only Stimulation Use of the word “electric” refers to sound delivered via the Hybrid cochlear implant only.

Hybrid Stimulation Use of unilateral acoustic hearing, with or without amplification, in addition to electric hearing via the Hybrid 
cochlear implant in the same ear.

Bimodal Stimulation Use of unilateral acoustic hearing, with or without amplification, in addition to electric hearing only via the Hybrid 
cochlear implant in the opposite ear.

Combined Stimulation Use of bilateral acoustic hearing, with or without amplification, in addition to electric hearing via the Hybrid cochlear 
implant. That is, a combination of the Hybrid and Bimodal conditions.

Contra Acoustic HA Use of contralateral acoustic hearing. That is, only acoustic hearing in the contralateral ear. Nothing in the ipsilateral 
implanted ear.
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